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得的超疏水气凝胶孔隙率高达 94.5%，密度为 0.12 g/cm3，透光率超过 80%。玻璃纤
维增强的复合气凝胶整体性优异，密度为 0.10 g/cm3，热导系数低至 20 mW/(mK)。
纤维量为 17.5wt%时，复合气凝胶的平均模量为 525 kPa，临界应变为 29.2%。以甲
基三乙氧基硅烷为硅源，经直接常压干燥，快速制备的柔性气凝胶密度为 0.09~0.11 
g/cm










































As a three-dimensional nanoporous material with a low density and high porosity, 
silica aerogel exhibits an extremely low thermal conductivity at room temperature and is 
an ideal super thermal insulating material. However, the ambient pressure preparations of 
silica aerogel generally involve complex and multiple steps of solvent exchange and 
modification, accordingly, poor thermal insulating and mechanical properties were 
obtained with ambient pressure dried silica aerogel because of brittleness and fragment, 
which has greatly limited its practical applications. In this work, the facile ambient 
pressure drying methods to synthesize new-type silica aerogels with excellent mechanical 
and thermal insulating properties were investigated by using three different silica 
precursors in an effort to reduce silica costs and to simplify preparation processes. The 
basic and physical properties of silica aerogels were systematically examined, and the 
two-step modification mechanisms developed based on a less expansive silica precursor 
were studied in detail. The controlling mechanisms in pore volume and pore size 
distribution of silica aerogels were established. 
It was found that the ambient pressure dried silica aerogel could be prepared by less 
expansive and readily available sodium silicate as a silica precursor using a novel two-step 
methyltriethoxysilane (MTES) - trimethylchlorosilane (TMCS) modification which rapidly 
removed a large amount of pore water produced by sodium silicate. The superhydrophobic 
sodium silicate based silica aerogel monolith possessed the porosity as high as 94.5%, the 
density of 0.12 g/cm
3
, and the optical transmission over 80%. In addition, the sodium 
silicate based glass fiber reinforced silica aerogel monolith exhibited excellent integrity 
with the density of 0.10 g/cm
3
 and the thermal conductivity of 20 mW/(mK). The average 
modulus and critical strain of the composite silica aerogel with 17.5 wt% silica fiber 
incorporation were 525 kPa and 29.2%, respectively. The flexible silica aerogel monolith 
could be facilely prepared by direct ambient pressure drying with MTES as a silica 
precursor. The densities ranged 0.09~0.11 g/cm
3
 and the porosities exceeded 95%. The 
critical compression strains were larger than 70% and the thermal conductivities reached 
35~54 mW/(mK). 
The effective elimination of pore water produced by sodium silicate could be achieved 















the hydrophobic SiCH3 could be modified on the hydrogel network which accelerated the 
removal of pore water. Furthermore, TMCS made both elimination of pore water and 
modification of silica gel network more completely. In addition, a large number of SiOH 
introduced by silica fiber reacted with the modifying agent, which is beneficial to in-situ 
mix of silica fiber with silica aerogel matrix, but is detrimental to modification of silica gel 
network. The harmful influence could be minimized by simply varying the relative 
amounts of silica fiber and modifying reagent. Additionally, in-situ modification became 
possible by making use of silica gel network formed from MTES. The silica particle and 
pore size of silica aerogel could be readily controlled by the proportion of solvent and the 
flexible silica aerogel with extremely high pore volume consisted mainly of macropores 
was obtained. However, this type of porous structure could not be properly characterized 
by a conventional nitrogen adsorption-desorption isotherm test. Combined with a mercury 
intrusion method, the degree of accuracy in measuring macropores presented in the flexible 
silica aerogel could be improved. There were 15% deviations from the calculated 
theoretical pore volume. Although more than 90% macropore volume presented in the 
flexible silica aerogel slightly increased the thermal conductivity, the mechanical property 
was more significantly enhanced than those of traditional silica aerogels. 
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